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REMARKS 

Entry of this amendment with allowance of the application is requested. 

Non-elected claims 18-26 have been canceled without prejudice to divisional 
filing. This leaves claims 1-9 and 11-17 for consideration. These claims are thought 
to be allowable for the reasons noted below. Accordingly, favorable reconsideration 
is requested. 

The Examiner has rejected claims 1, 2, 4, 5, 8, 9 and 11 under Section 102(b) 
as anticipated by the newly cited Sakai et al. reference (U.S. 5,445,042). Claims 1-9 
and 11 have also been rejected under Section 103(a) as unpatentable over Sakai et 
al. and claims 1-9 and 11-17 have been rejected under Section 103(a) as 
unpatentable over Sakai et al. in view of newly cited Green (WO 01/28600). The 
Examiner has made these rejections final notwithstanding the citation of completely 
new art to reject the claims. The applicants request the Examiner to withdraw the 
finality of the rejection in view of the citation of completely new art to reject the 
claims. The Examiner states that the applicants' amendments necessitated the 
citation of the new art. With respect, however, it is submitted that the art, if 
considered relevant, could have been earlier cited as the nature of the applicants' 
invention was evident from the claims as originally presented. 

In any case, the applicants respectfully request reconsideration of the 
Examiner's Section 102(b) and 103(a) rejections. With respect, it is submitted that 
the applicants' invention is both novel over Sakai et al. and unobvious therefrom 
considered with or without the Green reference. 

The Examiner's rejections are based on at least two fundamental errors, i.e. 
the view that the "process" language in the applicants' claims should be disregarded 
as not adding patentability and, further, that the Sakai compositions are sterile 
because they include an alcohol component. The applicants submit that the 
"process" tenninology used in the applicants' claims is properly definitive in the 
context of the applicants' invention and, therefore, clearly and unequivocally 
distinguishes over Sakai et al. Furthemriore, Sakai's compositions are not sterilized 
as the applicants require. Alcohols may disinfect but this is not sterilization. 

More specifically, the applicants submit that the Examiner must consider the 
applicants' claim language as properly and meaningfully descriptive of the claimed 
composition. In particular, the requirement that the applicants' composition "has 
been subjected to sterilizing radiation" and that the ion sources are used in amount 
"sufficient to maintain activity of the enzyme after radiation sterilization" are properly 
and distinctively definitive of the applicants' sterilized enzyme composition. Those in 
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the art know that radiation is an aggressive process that has distinctive effects on a 
composition, particularly where enzymes are involved. Accordingly, the "process" 
language which the applicants have used is necessarily descriptive of their 
composition and not simply an artificial way of distinguishing from an othenwise old 
material. Sakai clearly makes no mention whatsoever of sterilizing an enzyme 
composition by radiation. This alone should be enough to distinguish the applicants' 
claims from Sakai. Furthermore, as indicated above and detailed below, Sakai's 
compositions are not sterile. Hence, even if one disregards the radiation 
characteristic of the applicants' compositions, the claimed compositions are not 
disclosed by Sakai. 

In connection with the foregoing, the applicants wish to emphasize that not all 
"process" limitations in a composition claim can be dismissed as inconsequential in 
determining patentability. For example, a "hydrated" product is one that has been 
hydrated. This has process connotations but the language is also descriptive of the 
composition and defines the nature of the composition, i.e. it includes water and, 
therefore, distinguishes over a composition that has no water. Similarly, a reference 
to "concentrated" has "process" connotations but it is also property descriptive of a 
characteristic of a product. The same is true in the present case where the product is 
defined as having been subjected to sterilizing irradiation. This is, in a sense, a 
process description but those in the art would know from the language used that the 
composition is different as a composition because it has been subjected to sterilizing 
radiation . Sterilizing radiation is particulariy aggressive and especially damaging to 
enzymes with property effects which are characteristic results of the radiation. Thus, 
in essence, the reference in the applicants' claims to sterilization by radiation is a 
compositional description to one in the art. 

What the MPEP contemplates in its reference to an improper product-by- 
process claim is a claim which recites the process by which it is made but is the 
same as the products made using a different process. Cleariy, rejection of a claim 
where the product is the same but is made in a different way is appropriate. This is 
not the situation here where the process refen-ed to defines a characteristic of the 
claimed composition, i.e. it has been irradiated by sterilizing irradiation. There is no 
other way to describe this feature of the applicants' compositions. The applicants' 
language should, therefore, be acceptable to distinguish over the Sakai et al. 
compositions. How else would the Examiner define a product that has been 
subjected to sterilizing irradiation? Such a product is clearly different from one that 
has not been subjected to such irradiation. As noted, the purpose of the MPEP 
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position on "product-by-process" is to preclude argument as to patentable difference 
when the same product is made by a different process. This is not the case here 
because the "process" features result in a different composition 

It stands admitted that Sakai et at. does not disclose an enzyme preparation 
that has been sterilized by irradiation. This alone should be enough to distinguish the 
applicants' claims from Sakai et al. under Section 102(b). Furthennore, taking into 
account the aggressive nature of irradiation and its impact on enzyme activity, the 
applicants' provision of compositions which mainain enzyme activity despite being 
sterilized by irradiation should also be considered unobvious from Sakai on this 
basis. 

Furthennore, regardless of the Examiner's position on the product-by-process 
aspects of the applicants' claims, it is submitted that the applicants' claims differ from 
Sakai et al. in the requirement that the composition be sterilized. The Examiner 
considers that the compositions disclosed in Sakai et al. are sterile, in view of the fact 
that they comprise ethanol and isopropanol. However, the applicants respectfully 
disagree with this conclusion. Thus, despite the comments in Sakai et al. regarding 
sterility, it is simply not the case that including alcohols in a fomiulation can provide a 
sterile composition. In this regard, the applicants attach an extract from the textbook 
"Mims' Medical Microbiology, 4* Edition, which clearly states on page 568 that 
"sterilization is the process of killing or removing all viable organisms", and that 
"disinfection is a process of removing or killing most, but not all, viable organisms". 
On page 569, it can be seen that sterilization may be achieved by irradiation and 
page 570, it states that the process is continuous and one hundred percent efficient. 

Reinforcing what is said in the introduction to the applicants' specification, 
Mims also states that irradiation can cause materials to deteriorate and thus is not 
suitable for resterilization of equipment. Page 571 states that there are many 
different antimicrobial chemicals available, but few are sterilant. Alcohols are listed in 
Table 36.6 as an example of disinfectants for use in hospitals, and it is notable that 
they are not mentioned as being able to provide sterility. 

Also attached is an extract from "Microbiology, Principals and Explorations", 
7* Edition. On page 342. it is stated that "sterilization is killing or removal of all 
micro-organisms in a material or on an object. There are no degrees of sterility - 
sterility means that there are no living organisms in or on a material." It is also stated 
that "disinfection means reducing the number of pathogenic organisms on objects or 
materials so that they pose no threat of disease". Page 343 discusses the effect of 
ethyl and isopropyl alcohols, and states that such materials can disinfect, however 
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they are not mentioned as being able to provide sterility. Alcohols are again 
discussed on page 349, where it is stated that "alcohol disinfects but does not 
sterilize skin because it evaporates quickly and stays in contact with microbes for 
only a few seconds". This reference also states that "it kills vegetative micro- 
organisms on the skin surface but does not kill endospores, resistant cells, or cells 
deep in skin pores." 

In other words, alcohols do not provide sterility. Again, Table 12.3 on page 
352 lists alcohols for use in disinfecting skin and no mention of sterility is present. 
On the contrary, page 358 lists ionizing radiation as being suitable for sterilizing 
medical equipment 

Thus, in short, the applicants' claims distinguish over Sakai et al. not only in 
calling for a composition that has been subjected to sterilization by irradiation, which 
Sakai et al. does not disclose, but also in requiring sterilization which cannot be 
achieved by the use of alcohol as disclosed by Sakai et al. 

In view of the foregoing, the applicants submit that their claims are directed to 
subject matter which is novel and patentable over Sakai et al. Clearly, it is not 
obvious from Sakai et al. how to provide a sterile enzyme composition of any kind, 
much less one made sterile by irradiation. Those in the art know that sterilization by 
irradiation is a particularly aggressive process which is especially damaging to 
enzymes. The applicants have found a way to sterilize an enzyme composition while 
maintaining enzyme activity by providing compositions as claimed. There is no 
suggestion in Sakai et al. that an enzyme preparation which has been subjected to 
irradiation could maintain its activity by including lactate ion and a source of zinc ions 
and/or a source of ammonium ions, as called for by the applicants. The use of 
radiation in the presence of enzymes is generally considered to be highly damaging. 
The present invention overcomes this concern in the art, by use of suitable materials, 
i.e. lactate ions and a source of zinc ions and/or a source of ammonium ions, which 
has been found by the present inventors to protect the enzyme from the damaging 
effects of radiation. There is nothing in Sakai et al. suggestive of this nor could the 
applicants' results be inherent in the practice of the Sakai et al. disclosure. 

For the reasons noted, it is submitted that the Examiner's Section 102(b) and 
Section 103(a) rejections based on Sakai et al. should be withdrawn. Furthermore, 
Green does not fill in the fundamental deficiencies in Sakai et al. as noted above. 
Accordingly, the applicants submit hat the Section 103(a) rejection based on the 
combination of Sakai et al. and Green should also be withdrawn. 
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In summary, the applicants' claims are thought to be patentable over the art 
relied on by the Examiner. Accordingly, favorable reconsideration, with allowance, is 
requested. 
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a hospital setting. The use of personal protective equip- 
ment (PPE) that included an N95 respirator, eye protection, 
mask, gloves and gown was mandatory to reduce the 
chance of transmission. Disposable second layers of cloth- 
ing were also used, for example outer gloves, a gown and 
hand and foot covering. 



STERILIZATION AND DISINFECTION 

It is clear that the prevention of hospital infection depends 
in part upon the availability of clean, and where necessary, 
sterile equipment, instruments and dressings, isolation 
facilities and the safe disposal of mfected material. Steril- 
ization and disinfection are often talked about by micro- 
biologists in relation to the production of sterile culture 
media and other laboratory activities, but it must be 
stressed that the concept of sterility is central to almost all 
areas of medical practice. An understanding of the ratio- 
nale of sterilization and disinfection will aid intelligent use 
of the range of sterile equipment (from needles to prothe- 
ses) and techmques (from surgery to handwashing) 
employed in medical practice. 

Sterilizatiow fe***ptt)cess of '«iffBW'*»"3P^^^^^; 
viobfe' drgtJhtsfrtS" ' wKBsssas^s^vv 

An item that is sterile is free from all viable organisms - in 
this sense, viable means capable of reproducing. Steriliza- 
tion is achieved by physical or chemical means, either by 
the removal of organisms from an object or by killing the 
orgarusms in situ, sometimes leaving toxic breakdown 
products (pyrogens) in the object. 

Disiolecfiw is a process of reHTi6v^l^|^^p^||%li05t, 
but not oM, viabfe organisms ' * 

Disinfection employs either: 

• a chemical 'disinfectant', which kills pathogens but 
may not kLU viruses or spores 

• a physical process such as boiling water or low 
pressure steam, which reduces the bioburden (i.e. the 
load of viable organisms). 

Antiseptics are used to reduce the number of viable 
organisms on the skin 

Antiseptics are a particular group of disinfectants. Some 
act differentially, destroying the transient flora but leaving 
the normal skin flora deep in the skin pores and hair fol- 
licles untouched (Fig. 36.13). It is impossible to sterilize the 
skin, but thorough washing with antiseptic soaps can 
reduce the numbers of organisms on the surface consider- 
ably and therefore reduce contact spread of infection (see 
above). However, the resident bacteria in the hair follicles 
and ducts of sweat glands can recoionize the skin surface 
within hours. 




Figura 36.13 Normol skin is colonized with bacteria both nn 
rhe surface and deep in the pores and ducts ot the sweat and 
sebaceous glands. In addition, bacteria may be carried transiently 
on the skin surface and may be tronsrriitfed from a contaminated 
source to a susceptible patient. Careful ncnawashing with soap and 
water lemoves the iioiis.ent rlcra and some or the superficial resident 
flora. Scrubbing the nonas w.iti disinfectants removes mote of the 
resident flora, but rhe skin surface is recolonized within hours from 
Ihe normal flora deep in the skm pores. 



Pasteurization can be used to eliminate pathogens in 
heat-sensitive products 

Pasteurization reduces the total numbers of viable microbes 
in bulk fluids such as milk and fruit juices without destroy- 
ing flavor and palatability. It does not affect spores, but is 
effective against intracellular organisms such as Brucelk 
and mycobacteria and many viruses. 

Since the beginning of recorded history, various other 
techiuques have been used to prevent the multiplication of 
microorganisms, such as drying and salting of food. 

Deciding whether sterilization or 
disinfection should be used 

Sterilization and disinfection processes are costlv, and v, 
it IS important to chot)sc ±e appropriate method and tb.^ 

A variety of considerutums influenn' tnt choice .r .r.erft. a 
The detailed mechanisms of the death process of micro- 



urgciuiMiis, mav varv uith the sterilizing technique used, 
bat the net effect is .imilar m that essential cell constituents 
inudeic acidb or proteins) are inactivated. 
It is easier to sterilize a clean object than 
a physically dirty one 

This is because organic n^atrer protect, nucrobes and 
hinders penetration of heat or .:..nucaU and mav inacti- 
vate certain chemicaJs. In other words, a low bioburden is 
a prerequisite for cost-effective steriUzation. 

The rate of killing of microorganisms depends upon 

e concentration of the killing agent and time of 
exposure 

The number of organisms surv iving steriUzation can be 
expressed by the equation: iV is proportional to 1/CT, where 
J N is the number of survivors, C is the concentration of 
i, agent and T is time of exposure to the agent. If a population 
of microbes is exposed to a steriUzing technique, and the 
number of survivors expressed as a logarithm is plotted 
: against time, the slope of the graph defines the death rate 
(fig. 36.14) These lines may be sigmoid or have shoulders, 
mdicatmg that individual cells respond slightly differ- 
' ently, some being killed more easily than others. In the case 
Of bacteria, the physiologic state of the organisms influ- 
ences the shape of the killing curve; young, replicating cells 
are usually more vulnerable than stationary or decline- 
phase organisms or those that are sporing. Graphs like 
those shovvn in Figure 36.14 can be used to predict the 
condihons necessary to achieve sterility. However, these 
experimental data are usually based on pure cultures in 
^tiie laboratory (bacterial spores are often used as model 
systems), whereas in real life, the bioburden is mixed 
, Therefore, predictions from such data may be inappropri- 
ate for mixed populations. 
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Techniques for sterilization 

fenltzation rmy be achieved byr 

:*:heat 

**lW<aatton (gamma or ultraviolet) 

• fifcation 

* chemicak m hqmd or gaseous phase. 

tthtr tevnniques of douotful efficiency include freezing 
cic 'haw ug, I) Mb, dessication, ultrasonication and the use 
ae^ectrical discharges, but these are not applied in hospi- 
tal practice. 

' „ ^ irradiation is inefficient as a sterilant, and its 
rportant uses in the hospital setting are in inhibiting 
of Dacteria in water in complex apparatus such 
- L . r zers ,nd m air ,n safety hoods in virology 

-.o..ra-.i.,.5. Tne potential for damage to the cornea and 
.rcu.ats .uder use of ultraviolet irradiation. It 
'J' - ' " ' ""'^'^'d t"zz :r.e agents of Creutzfeldt-Jakob 
^' ' bovine spongiform encephalopathy (BSE) 
pi saapie are highly resistant and are not completely 



Figure 36. 4 TheoreticaKy, rhere is a srraighl line relationship 
between ihe log viable count ot a bocter:ai populofion and time 
when the population ,s ex.oosed to a iethal temperature. In practice 
these i.nes are usually sigmoid. The D value is the time required to 
^'I'^^^.i. popu,^t!^n by 90% at a specified (emperafure. Bacillus 

'^.,'"'^>^ "f"^'®^ as biologic indicators of effective 

r!"^hif 'X°"°" ^-^ ^"c.uding Inter paper strips carrying a stondard 
number ot spores into the autoclave cycle. The strips ore then 
incubated to attempt to recover viable organisms. The usual 
autoclave cycle of 1 2 1 °C for 1 5 min is adequate to kill 8 
stearolhemophilus with a margin of safet/. 



inactivated by formalin, ultraviolet irradiahon, ionizing 
radiation or regular autoclaving. Sterilization can be 
achieved by boiling in IM NaOH for 10 min at atmospheric 
pressure followed by autoclaving at a higher than normal 
temperature tor a longer period than usual (134°C for 
18 min), but obviously this technique cannot be applied 
to Hvnng tissues or materials that are damaged at high 
temperatures. 
Heat 

Heat, as a way of transferring energy, is the preferred 
choice for sterilization on the grounds of ease of use, con- 
trollability, cost and efficiency. 

Dry heat sterilizes by oxidation of the cell components 
Incineration and Ihe use of the laboratory Bunsen burner 
are examples of steriHzation by dry heat. Glassware can be 
sterilized in a hot air oven at 160-18O»C for 1 h. 



Tne most effective agent for sterilization is saturated 
steam (moist heat) under pressure 
This can be acfiieved using an autoclavo. Steam under 
pressure aids penetration of heat into the material to be 
sterilized (such as dressings), and there is a direct relation- 
ship between temperature and steam pressure. Steam 
under pressure has a temperature in excess of lOO'C which 
results in increased killing of microbes. 

Sterilizing efficiency is improved by evacuating all 
of the air from the autcKlave chamber. Tlie subsequent 
introduction of high pressure steam rapidly penetrates to 
all parts of the chamber and its load, and results in predict 
able rises in temperature in the center of articles to be 
sterilized. The length of an autoclave cycle is determined 
by the holding time plus a margin of safety, and is derived 
from the thermal death curves for heat-resistant pathogens 
such as Clostridia. Therefore, the usual cycle of 121 "C tor 
15 min is sufficient to kill the spores of CI. botulimim with 
an adequate margin of safety. However, the spores of some 
bacterial species, especially soil organisms, are able to 
withstand this temperature. The safety margin is reduced 
in the presence of large numbers of organisms because 
there is a greater probability of more heat-resistant indi- 
viduals existing in a large population; hence, the impor- 
tance of cleaning instalments, whenever possible, before 
sterilization. 

Moist heat in an autoclave is used to sterilize surgical 
instruments and dressings and heat-resistant phar- 
maceuticals. A method for the sterilization of heat- 
sensitive instruments such as endoscopes uses a 
combination of low temperature (subatmospheric) steam 
and formaldehyde. 

All of these prcKesses need to be carried out in a suitable 
pressure vessel and are therefore usually available in the 
hospital central sterile supply department. 

Immersion in boiling water for a few minutes can be 
used as a rapid emergency measure to disinfect 

instruments 

Immersion in boiling water for .1 tew minutes will kill 
vegetative bcieter:a and nianv, but not all, spores. The addi- 
tion of 2% sodium carbonate to tile water potentiates the 
sporicidal effect. 

Pasteurization uses heat at 62.8-65.6"C 
for 30 min 

This technique was de\ ised bv Pasteur to pre%-ent the 
•«|:o,'a;e ot v.iiie b% heatmi; it to "()-60X It is now used 
'or rlu.Jb su r as lr,^;^ to reduce the number of bactena. 
i e - -.c.f s .0 . ...nx.iate ratrauen-, present in small numbers 
. .a !o -.pr.Nf t'leshelt-ltreotmilk The tluid h held at a 
•e- ••,u\K e >„ n2 8-65 6 C tor 30 mm or may be ■fla-.h' 
. i . "1 7'CforlSs Afttreitherpr.)cess,thcflbid 

subsequent bacterial growth. 



Irradiation 

Gamma irradiation energy is used to sterilize large 
batches of small volume items 

The use of gamma irradidnon energ\ fur stenli/ation is x: 
industrial prcKess that AorKS well with pnxiucts suA .> 
needles, syringes, intraxenous lines, catheters and giuse? 
it can also be used for \ ,.Luines ard to prewn; fix>d spoi:- 
age. AWbju|^ the capital cost ui the ci|uipment t;. high, *M 
process is continuous and liKI",, etficient. Articles are s;er- 
ilized while sealed in their original packaging, without .r.-. 
heat gain. The proces^ must be conducted in a sait.u^,\ 
constructed building, usualh at a iocation aistinct frorr. ti-.e 
hospital and usualK outside the hospital administrdLon. 
However, irradiation can cause materials to drteriorr.ti?'-'' 

The killing mechanism invokes the pnxluction ot rree ' 
radicals, which break the b(,nds in DXA. Irradiation kii" 
spores, but at a higher dose than vegetative cells because,, 
of the relative lack of water in spores. 

Sterilization using ultraviolet irradiation is discussed 

Filtration 

Filters are used to produce particle- and 
pyrogen-free fluid 

Solutions that are heat-sterili/ed will contain pyrogens. 
These heat-stable breakdown products of microbes are 
capable of inducing fever and are therefore undesirable in 
products such as intravenous fluids. Filtration or separa- 
tion of the product from the contamination has a long 
history in the clarification of water and wine. Modem 
filters are composed of nitrocellulose and work by electro- 
static attraction and physical pore size to retain organisms 
or other particles. The resulting fluid should be particle- 
free. Filtration is used in some parts of the world to purify 
drinking water. 

Filtration techniques are also used to recover very small 
numbers of organisms from very large volumes of fluid 
{e.g. Legionella from cooling tower water) and can be u.sed 
as a method for quantifying bacteria in fluids. 

Chemical agents 

The gases ethylene oxide and formaldehyde kill by 
damaging proteins and nucleic acids 

aldehyde, are still u.sed; 

• 1 urt... .^.ci .t - i.'e','i..-. e • ,t has an cxtrtmelv 
unpleasant ocitir aiui is an irritant to mucou.s 
membranes. It has been used as a disinfectant to 



DISiNFEC 



3 Jiximtaminati' mum.- iMuh a-> isolation rooms) and m 

ihi' ...hi'M'oiN to dismlect exhau'it-protcttive cabinets.. 
"I' \ . it'Lilix f luimKlitv IS essential for effective 



i 



The liquid glutaraldehyde is used fo disinfect heat- 
sensitive articles 



I Many diffetent anlimicrobial chemicals are available, 
% but fev/ om ^B^fcnf 

iil<e llie derivatives of pine and turpentine, liave 
been known since ancient times, nnd ctiloride ol lime 
and coal tar fluids, were m use before the germ theory of 
: disea.se was established. Most fall into the categorv of 



disintectant o 
ing articles 
include; 



antiseptit, but a tew are capable o 
iterile. Factors that affect their 



■nder- 



^fficacy 

(e g. porous or cracked surfaces) 



physical 

presence of moisture 
temperature and pH 
concentration of the agent 
hardness of water 

the bioburden on the object to be disinttvted 

the nature and state of the microbes in the bioburdet 

the ability of the microbes to inactivate the chemical 

agent. 

I IS obvious that the abme Kutors aie dilSKuil to nmti 



are shown m 1 
damage to proli 
I he activity ot . 
than one pathw 



n'il membrane lipids 
nay result from more 



. Toble 36.6 Examples of disinfectants for 




Advantoges and {fisadvontoges 



coi^lfimiv'thylammonium 
bromide . 



combiixilion Willi biguanide, e.g. chlorhexidme, useful a 
tints, itiac.tivoted by hard water and organic maierials, 
I. <>{ block iolitlioiis With Groni negative rcxls (un be ci 



. jprcpyf 



51 Desf), isopropyi piefe 



Hexochoiophene 



IfXj irniant lor use as general aisinrectant 

K.iK vegfitjiivf- .>fijom£m5, 'ncU'diny inycolxjcteoo, slowly bij ,iH«u 
more active, less toxic than foimoidehyde, sponcidal (withm 6 h w 
fresh), slightly irntanl, used m oikaline solutiott whrh is •.tnbiA for ! 
wteelts, expt^nsive, limited use e g disinfect'on ^ ' ' 
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Do you like spicy foods? Perhaps you won't like the origi- 
nal reasons for their popularity. Before modern methods 
of food preservation, such as canning and refrigeration, 
were available, control of microbial growth in foods was a 
difficult problem. Inevitably after a short while, food be- 
gan to take on the •'off flavors of spoilage. Spices were 
used to mask these unpleasant tastes. Some spices were 
also effective as preservatives. The antimicrobial elfecls 
of garlic have long been known. Fortunately, we need not 
cat spt^iled food ttxlay. and we can use spices solely to 
enhance our enjoyment of safely preserved foods. 

Medical care, especially in the operating room, is also 
safer today. As we have seen from the work of Ignaz 
Semmelweis and Joseph Lister, careful washing and the 
use of chemical agents are effective in controlling many 
infectious microorganisms (-^Chapter 1, p. 14). In this 
chapter, we will consider the properties of various chemi- 
cal and physical agents used to control microorganisms in 
laboratories, in medical facilities, and in homes. Go to the 
website for this chapter to read about the specialized 
career of hospital infection control practitioner. This is a 
board-certified career open to both nurses and biology 
majors. The web essay also details specific methods of 
sterilization and disinfection used in hospitals. 

PI PRINCIPLES OF STERILIZATION 
PI A ND DISINFECTION 

iil Stcrili/ation is the killing or removal of all micro- 
organisms HI a materia! or on an object. Tht 
degrees of s 
ing organisn 



sterih'ty means that there arc nti liv- 
matenal. When properly cart 



■JTECHNOLOGY 
Microbes in Space 



''^^^P' Never a problem for Han Solo, but tn the real world of 
space travel, bacteria carried by astronauts are of real 
concern. Some of the problems include infectious diseases, 
allergy to microbial metabolites, and microbial deterioration of 
structural materials. Preventing microbial problems inside space 
vehicles requires limiting the routes of infectious disease and 
the use of an efficient wastewater recovery system. Although 
sterility is not possible, most of the familiar routes of disease 
transmission are present within space vehicles: water, food, 
aerosols, and environmental surfaces. Providing potable water 
for extended space travel has been a challenge from the very 
beginning of the space program. For the past 1 5 years various 
prototype wastewater recovery systems have been under 
development at NASA's (National Aeronautics and Space 
Administration) Marshall Space Flight Center. Using these 
systems, potable water is produced when humidity condensate, 
hygiene water, urine, and fuel cell water are collected and 
treated to remove microbes and chemical contaminants. 



out. Sterilization procedures cn>-uu .,\.-.. ■ 
resistant bacterial endospores and iunual ^p^!n.■- e ^ 
Much of the controversy regardiiiii spontaiicou- -j. 
tion in the nineteenth century resulted ironi the 
kill resistant cells m inalcriaH that were thousiht u- 
ile. In contrast uitn vurili/.ition. disinfection nv-i.n- 
cmg the number of pathogenic organisms on objects 
n«»etfafl»«« tfjat they pose no threat of disease. 

Agents called dKinfecfants are typically applii 
inanimate objects, and agents called antiseptics ai' 
plied to living tissue. A few agents are suitable as 
disinfectants and antiseptics, although most disinfec 
are too harsh for use on delicate skin tissue. Amihi 
though often applied to skin, are considered separ 
in -^Chapter 13. Terms related to sterilization and t 
fection are defined in Table 12.1. 

THE CONTROL OF MICROBIAL GROWTH 

As explained in the discussion of the growth curv 
^Chapter 6 (p. 149), both the growth and death of rr 
organisms occur at logarithmic rates. Here we are conct 
with the death rate and the effects on it of antimicr 
agents— substances that kill microbes or inhibit their grt 

Organisms treated with antimicrobial agents 
the same laws regarding death rates as those declini; 
numbers from natural causes. We will illustrate this 
ciple with heat as the agent because its effects have 
the most thoroughly studied. When heat is applied 
material, the death rate of the organisms in or < 
remains logarithmic but is greatly accelerated. Heat 
as an antimicrobial agent. If 20% of the organisms d 
the first minute, 20% of those remaining alive wil 
in the second minute, and so on. If. at a different temj 
ture. 30% die in the first minute, 30% of the rcmai 
ones will die in the second minute, and so on. From t 
observations we can derive the principle thai a dej 
proportion of the organisms die in a given time interval 

Consider now what happens when the number ot 
organisms that remain becomes small— 1 (XI for exjin 
\t a death rate of '^0°c per minute ''() will remain 
I minute 49 after 2 mmutt.> a ^ minutt-s md 
1 after 12 minutes. Soon the prohanuitv of findine ev 
single live organism becomes vur\ small Most i in- 
tones say a sample is sterile it the probabilit\ is no 
than one ehanee in a million ot hndl^^ i live orsai mt 

The to> il number ot orsjanisnis present wh<.n J 
lection IS beaun affects the lenath ot time require, 
eliminate them. We can state a second princiole- 
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iJii\ 



li^mplin.., o st^r n/c ih^n li a j^i i ^ , 
his principle. Clearing objects ot tissue dcbns a 
1 I'so import mt because such ora tniv. mittc 
ctivenLSs ot ,n inv >.hi.mii. li (.i^nts 



the clt( 
D; 

b i.tcri 



md their endospores diiter 



f Fuith 
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Terms Related to Sterilia 



Term 



Definition 



Sterilization 
Disinfection 
Antiseptic 

Disinfectant 
Sanitizer 



Bacteriostatic agent 
Germicide 

Bactericide 
Viricide 
Fungicide 
Sporocide 



The killing or removal of all microorganisms in a material or on an object. 

The reduction of the number of pathogenic microorganisms to the point where they pose no danger of disease. 
A chemical agent that can safely be used externally on living tissue to destroy microorganisms or to inhibit 
their growth. 

A chemical agent used on inanimate objects to destroy microorganisms. Most disinfeaaits do not Idll spores. 
A chemical agent typically used on food-handling equipment and eating utensils to reduce bacterial 

numbers so as to meet public health standards. Sanitization may simply refer to thorough washing with 

only soap or detergent. 
An agent that inhibits the growth of bacteria. 

An agent capable of killing microbes rapidly; some such agents effectively kill certain microorganisms but 

only inhibit the growth of others. 
An agent that kills bacteria. Most such agents do not kill spores. 
An agent that inactivates viruses. 
An agent that kills fUngi. 

An agent that kills bacterial endospores or fungal spores. 



given species may be more susceptible to an antimicrobial 
agent at one phase of growth than at another. The most sus- 
ceptible phase for most organisms is the logarithmic gjowth 
phase, because during that phase many erizymes are 
actively carrying out synthetic reactions, and interfering 
with even a single enzyme might kill the organism. From 
these observations, we can state a third principle: Micro- 
organisms differ in their susceptibility to antimicrobial agents. 



been believed to be more potent at 70% than at higher 
concentrations, although they are also effective at up to 
99% concentration. Some water must be present for 
alcohols to disinfect because they act by coagulating 
(permanently denaturing) proteins, and water is needed 
for the coagulation reactions. Also, a 70% alcohol-water 
mixture penetrates more deeply than pure alcohol into 
most materials to be disinfected. 



I CHEMICAL ANTIMICROBIAL 
AGENTS 
THE POTENCY OF CHEMICAL AGENTS 
The potency, or effectiveness, of a chemical anti- 
microbial agent is affected by time, temperature, pH, and 
concentration. The death rate of organisms is affected by 
the length of time the organisms are exjxsed to the anti- 
microbial agent, as was explained earUer for heat. Thus, 
adequate time should always be allowed for an agent to kill 
, the maximum number of organisms. The death rate of 
I organisms subjected to a chemical agent is accelerated by 
increasing the temperature. Increasing temperature by ICC 
ougMy doubles the rate of chemical reactions and thereby 
I inaeases the potency of the chemical agent. Acidic or alka- 
line pH can increase or decrease the agent's potency. A pH 
I that increases the degree of ionization of a chemical agent 
i often increases its ability to penetrate a cell. Such a pH also 
can alter the contents of the cell itself. Finally, increasing 
[ concentration may increase the effects of most anti- 
ailCTobial chemical agents. High concentrations may be 
I bactericidal (killing), whereas lower concentrations may be 
I bacteriostatic (growth inhibiting). 

Both ethyl and isopropyl alcohol are exceptions to 
e rule about increasing concentrations. They have long 



EVALUATING THE EFFECTIVENESS 
OF CHEMICAL AGENTS 

Many factors affect the potency of chemical antimicrobial 
agents, so evaluation of effectiveness is difficult. No 
entirely satisfactory method is available. However, we 
need some way to compare the effectiveness of disinfect- 
ing agents, especially as new ones come on the market. 
Should you believe the salesman when he tells you his is 
better? Ask him what its phenol coefficients are. 

The Phenol Coefficient 

Since Lister introduced phenol (carbolic acid) as a disin- 
fectant in 1867, it has been the standard disinfectant to 
which other disinfectants are compared under the same 
conditions. The result of this comparison is called the 
phenol coefficient. Two organisms. Salmonella typhi, a 
pathogen of the digestive system, and Staphylococcus 
aureus, a common wound pathogen, are typically used to 
determine phenol coefficients. A disinfectant with a phe- 
nol coefficient of 1 .0 has the same effectiveness as phenol. 
A coefficient less than 1 .0 means that the disinfectant is 
less effective than phenol; a coefficient greater than 1.0 
means that it is more effective. Phenol coefficienls are 
reported separately for the different test orgaiusms 
(Table 12.2). Lysol, for instance, has a coefficient of 5.0 
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Chemical A ent 

— !!!!!!! — — 


Staphylococcus 




Salmonella 
typhi 


Phenol 


LO 


1.0 


CbJoramine 


133.0 


IWJ.O 


Cresols 


2.3 


2.3 


Ethyi alcohol 


6.3 


6.3 


Formalin 


0.3 


0.7 


Hydrogen peroxide 




0.01 


Lysol 


5.0 


3.2 


Mercury chloride 


100.0 


143.0 


Tincture of iodine 


6.3 


5.8 



against Staphylococcus aureus but only 3.2 when used on 
Salmonella typhi, whereas ethyl alcohol has a value of 6.3 
against both. 

The phenol coefficient can be determined by the fol- 
lowing steps. Prepare several dilutions of a chemical 
agent, and place the same volume of each in different test 
tubes. Prepare an identical set of test tubes, using phenol 
dilutions. Put both sets of tubes in a 2(f C water bath for at 
least 5 minutes to ensure that the contents of all tubes are 
at the same temperature. Transfer 0.5 ml of a culture of a 
standard test organism to each tube. After 5, 10, and 15 
minutes, use a sterile loop to transfer a specific volume of 
liquid from each tube into a separate tube of nutrient 
broth, and incubate the tubes. After 48 hours, check cul- 
tures tor cloudiness, and fmd the smallest concentration 
(highest dilution) of the agent that killed all organisms in 
10 minutes but nor in 5 minutes, f'md the ratio of this dilu- 
tion to the dilution ol phenol that has the same effect. For 
example, it a l:)(X.)(} dilution of a chemical agent has the 
same effect as a 1:100 dilution of phenol, the phenol coef- 
ficient of that agent is 10 (1,000/1(K)). If you performed 
this test on a new disinfectant and obtained these results 
you would have found a very good disinfectant! The phe- 
nol coethcient provides an acceptable means of evaluating 
the elfectiveness of chemical agents derived from phenol, 
but It is less acceptable for other agents. Another problem 
IS that the materials on or in which organisms are found 
may affect the usefulness of a chemical agent by complex- 
mg wuh It i>r inactivating it. I hese effects are not reflected 
in the phciK)! coethcient number. 

The Filter Paper Method 

I he filter paper method of evaluating a chemical agent is 
simplei than determining a phenol coefficient It uses Mnall 
niter paper disks, each soaked with a different chemical 
agent. The disks are placed on the surface of an agar plate 
that has been inoculated with a test organism. A different 
plate is used for each test organism. .After incubation, a 
chemical agcni tfiai inhibits growth of a test organism is 
identified hv a clear area jnmnd the disk where the 



Figure 12,1 The 
paper method of 
evaluating 
disinfectants and 
antiseptics. Tte 
' "pv 'CP in resp'sns' 



of tne Petri dish surrc 
tne rnerthiolate-soak 
paper disk. The vane 
were soaked in rner- 
Curochronne iodine. 



first been confluemly 
inoculated with one of 
test organisms, (Jacktv 



bactcna have been killed (Figure 12.1). Note: What 
tc^'uvv, .,gain>i one uigamsm may have little or nocfk 
the others. Will the chemical agent having the widest 
ol inhibition around it be the most etfective to use'' II 
not be. (Organic matter such as blood, feces, or vomilu 
mteilcrc wuh its action. Also, some chemical aacms 
just ha\e molecules that are able to travel faster or fa 
thi ough a.uar than the other agents tested did. 

The Use-Dilution Test 

A third vvav of cvalualine chemical agents, the 
dilution test u^cs stand iid picptnliuns of certain 
b Ktei la A bioth Lulturu ot one of these baetena is u 
unto MTiall St unless siccl tvlmd^rs uid illowci 
Eaeh c\hnder IS then dipped into one ot swsei i li'i 
of the ehemieal aient for 10 minutes icmoxwd n 
with water and pi aed into i tub. ol hroth Ih. i .d^ 
intubated and the o»isci-\^d toi lu pics.Pue hs 

uljho's lit LunsRLr.d the most effective Manv rn 
buituaists Icel ihat this mc isuremi-nl is more nu ti u 
than the phenol coetticient. 




DISINFECTANT SELECTION 



-Several qualitie 
disinfectant to i 



should be considered in decidini 
«. An ideal disinfectant should: 

icting even in the presence of < 
s. such as those in body Ouids, 
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Benzalkonium chioride 



Figure 1 2.4 Structural formulas of some Important disinfectants. 

saK(.cptiblc to inactivation when expo-scd to visible light. where the 
[ his pi i >cess di-srupis the structure of the viral nucleic acid. infected oi 
\ II uses sometimes remain infective even after their Deter 
proteins .ire denatured, so methods used to rid materials 
of bacteria may not be as successful with infectious vi- 
ruses. Also, use of an agent that does not inactivate viruses 
can lead to laboratory-jicquircd infections. 



jenis 



risk that health can 
ly transmit pathogens i 



when 



workers may become 
other patient.s. 



veak 



water. 



allov 



misms to 
vav. De- 



SPECIFIC CHEMICAL ANTIMICROBIAL 

AGENTS 

Now that we have considered general principles of ster- 
f liiAitiun and disinfection and the kinds of reactions 
caused by such agents, we can look at some specific 
agents and their applications. The structural formulas of 
some ol the most important compounds discussed are 
shown in Figure 12.4. 

Soaps and Detergents 

So..ps and detergents remt)ve microbes, oily substances, 
. . .lilt Mechanical scrubbing greatly enhances their 
- r In ract, vigorous hand washing is one of the eas- 
.a.J .iie.ipest means of preventing the spread of dis- 
- iira.p.g patient.s in hospitals, in medical and dental 
-imong employees and patrons in food establish- 
r. ts .ir.d among family members. Unlike surgical 
-.1 . • KKlai soaps usually arc not significantly bel- 
'-.''II is ihiiii ordinary soaps. 
|H -oniain .ilkali and sodium and will kill many spe- 
...^ : \-i,;uiH-(,, , lis, Mkroajccus, and W-meria and will 
_ ^ destroy intluenza viruses. Many 

pathogens that survive washing 
with soap can be killed by a disin- 
^ fectant applied after washing. A 

^ common practice after washing 

^"'^^^ and rinsing hands and inanimate 
objects IS to apply a 70% alcohol 
hese inea.-uies Jo not necessarily rid hands 



Some bacferial 
spores can survive 
ZO years siHing in 
70X ethyl alcohol. 



md i 



s. Consequent Iv. dis 



sable ok)' 



e used 



concentrations ii 
the water to penetrate into 
■and cause dirt and microu 
be lifted out .iiul washed 
tergents arc said to be < ,/// 
are positively chaii^ed and auiviiw iV 
they are negatively chamed. ("ationic dc 
u.sed to saniti/e food utensils. Althouuh no 
killing endospores. they do inacti\ ate some 
ionic detergents are used lor iauiiderum cl 
household cleaning agents. I hev are less el 
tizing agents than calionic detergents, probably because 
the negative charges on bacterial ceil walls repel them. 

f PUBLIC HEALTH 
>ap and Sanitation 

-^"^ Washing and drying clothing in modern public laundry 
facilities is generally a safe practice because the clothing is 
almost disinfeaed if the water temperature is high enough. 
So.ips, detergents, and bleaches kill many bacteria and 
inact.vate many viruses. Agitation of the clothes in the washer 
provides good mechanical scrubbing. Many microbes that 
survive this action are killed by heat in the dryer. The use of bar 
soap in a public washroom is not such a safe practice. The soap 
may be a source of infectious agents. In a study of 84 samples of 
bar soap taken from public washrooms, every sample contained 
micrGorganisms. Mere than 100 strains of bacteria and fungi 
were isolated from the soap samples, and some of the organ- 
isms were potential pathogens. Many restaurants and other 
establishments have installed soap dispensers for this very 
reason, in fact, mmy jurisdictions have made the use of bar 
soap in such facilities illegal. 
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* How Well Do Those Waterless 
Hand Cleaners Work? 

It's otten difficult to find 3 place to wash your hands. Recently 
muny products have appeared on the market, claiming to do a 
good job of cleaning your hands wfth a little gel Instead of old- 
fashionea sodp and water. But do they really work? Students in 
my labs have found that some are excellent, but many others 
have little or no effect. Here's a chance to plan a short research 
project of your own. Check with your instructor as to the validity 
of your design and methods, and of course, for permission to 
try this In lab. 



M..in w 



laclKcl to ct 
lou! ludro 



I 1 ikii-iivius .111. qujteniary ammoniuni 
•jiiiits, \wiicii iiaw tour or.uanic groups at- 
uiucpi dUnu. I ho ammonium ion (NH4) has 
iS. cilIi oI which can ho replaced by an 

o,!..ai.n. j;,ou[i o:iu!m«; 10 ihc cciilral tiitroucn atom, Qimi is 
llic .ihhuMaiiun iiir iIk- l.aiiii i/iuinuor mcanmg "four." A 
s.iiiLiN oi c|iiuis aic awiilabk; as disintcctmii agents; their 
tlK.nkal stluauI^.^ \aiy atiouiaiu to ihcir organic groups. 
One piohkm unh qual^ l^ ihal liicir clkcli\ciKss is de 



leased in I 
r pii 



s piublc 



; prcscnc, 

IS sLihstaiKcs sucli a 
II! wilh iIk-sc aucnis 



lap. calcium ( 



All 



wth >i 



I- ha 



lliaii killmi! 
once vvidci\ 
omniciKlcd 
ihouuht 
quats. ll 
Ouals , 



ol Ihc 



that thc\ 
s Psrurloi 



ni.igncsuim 
even more 
support the 
rather 



Ihal 



111. /.ephiraii (hcii/alkoniuiii chiou 

..d .IS a skin aiiiiseptic. It is no Ioniser av- 
^ause It IS less ellective than oriiuiiaiiy 
nd IS .suhiect lo Ihc same problems as'other 
. still \ciy olleii tuund 111 -ear-pieicing c;ire" kits, 
luiw^ulteii mixed With another aucnt to over- 

:ss, /cphiran dissoKcd in ilcnhol kills ihmit iwice as 
micHihes 111 Hk saiiK ii,a^ as does .1 ualei (atjueous) 
•n ol du s.aiie amount ol /.eiihiran. Vloutlnvashcs 
i.ini w ik ll sluiK^n usually contain a quat. 

Acids and Alkalis 

So, pis iniiid ilkah mdis i1k iliiK piupeltles 'ijpdeslun 
nmaohes. A number ol organic acids louer the pH oi male- 
nals suitii.i^i,ii\ lull labtt kiment.ilion Several aic used as 
fouu pK,^,v i(,%^s I ..wiie and propionic acids retard mold 
giovvth la liic.ids and othei products. Benzoic acid and sev- 
ei .1 01 Ks ckrn discs lie us.d to prevcm lun^ai .,i<mth in 
s< It d uKs kudiup u d n a. a Sorhie .cid md sor 
l^ates a.w used to pi event luiiual growth in cheeses and a 
\ar,e;\ o; otiiei loous. Hone acid, tormcrlv used as an evc- 
u.ish. is 110 ioiiuer recommended because ol its (oxicitv 

Heavy Metals 

I. , .i lis ascd in chemie.il anciiis iiKkide st!t.nium. 

'. vi.ppci. and siher E*.cn tmv ejuantitics oi such 

■ s lan nc \.ei\ ellective n inhibitmu hactenal ukauH 
(F.gure 12.5), Silver mtrate was onec widelv used to 




Figure 1 2 5 Heavy metals inhibit bacterial growth. 



asiae, and iilvor dune, , ht- noiibuver toin (a copper penny) h, 
inhibited growth of the orgamsris as effectively as tn^ sii,. 
have. (Centers for Disease Control and Prevention CDC} 



pi event gonoeoccal inlection in newborn inlanls 
diops ol mKci nitrate solution were placed in the I 
e\es at the lime ot delivery lo protect against mlecti 
gonococci entering the eves duiing passage thioiiL' 
biiih canal For a time, many hospitaii. replaced siK 
i: lie with antibiotics such as erythromvcin Howev. 
deVelopiiKiit ol aiiiibioiic-icsistant stiains ol huih 
has kd some loL.ihtKs lo retjuiie the use ot sihci ai 
lo w liieli goiioeocci do not dcvclop resistance 

Oimnic iiieieun compounds, such as meithiolat 
lieu uioehionie aie used to dismteet siirlace skin uo 
Siiui ijuus kill most bacleria in the vegetative si.a 
do a.i kill spoies [he\ aie not clfcclive ag.iinst \ 
hiituiiiuii VIeilhiol.itc IS ^ellerall\ piepared'as a tm 
(tmgk'chui). that IS dissolved 111 alcohol. The alcohu 
tinctuie may hase 1 i^uaici .leimicidal aeti.in ih.ii 
hcav\ metal compound 1 hmieiosai, anothei 01 same 
eur\ compound e in be used to dismleci skin and ,1 
ineiiis iiid IS i i^resuNalivc for vaccines. Phenvimei 
'iiti.iie and meieiuic iiaphtheiiatc inhibit both iiacicri; 
laiiui and aie Used as lahiraloiv disinfectants 



For a Clear Aquarium 

If you have an aquarium, you probably have cor 
tended with water that looks like pea soup because of th« k 
numbers of algae growing in it. This problem can be correct 
by placing a *.:.w p^.nn;es in tre Ur>\. Enough copper to ir.hil 
algal growth dissolves from the pennies into the water. For 
small investment, you can gre^tiy increase visibility a, 
ment of your fish. 



i enjo 



V.c.um sulfide kills fungi, including spores Prep- 
1 iinnii; selenium jre Lommonlv used lo Ucat 
--■^ infections Shampoos thai contain selenium 
e in controlling dandruff Dandruff a crusting 
.uKr.ii of ihe s^alp is oltcn, though noi alw^nT 
caused b\ lungi Mites sometimes pla\ a lule 

Copper sullatc is used to contiol AmaI -^routn V- 
ihoLnh algal grovuh usually not a diiec't mJdic.l proh- 
Icni it IS a problem m mamtainmg water quaiu\ in hJatin^' 
and an -conditioning sysrems and outdoor swimmin" pools" 
. The E-nvironmental Piotcction Agency, however is evalu 
itina copper sulfate as an envuonmentai hazard ) 

Halogens 

HNpuuilorous ,c.d lomied b\ the .iddition of chlorine to 
>i".r. effeciivc.y uintrols microorgamsms in drinkin^ 
r and suimming pools It is the actixe inuiedicnt .n 
household bleach and is used to disinfe.i lood utcns.K 
dnd dairy equipment h is effective m killing bacteria 
and maaivating manv vuuses. However, chJonne itself is 
uisiK inactivated by the presence of organic materials 
Ihdl IS whv a substance such as copper sulfate is used to 
control alsai grouth in water to be purified wath chlorine 
lodmc also Ls an effective antmiicrobial asrent. How- 
u, ,1 siiouid not be used on persons known U) have an 
Mkm to iodine Olien sealood allergies are triggeied bv 
louiiK in the seafood linctuie ol iodine was one ol the 
>t vun antiseptics to come mto use. Now lodophoi, 
.w.-' Jcase compounds in which the icxlme is combined 
.. ••C...1.C niokuiks, are more commonly used. In such 
. •'■'1.0,1s. (he oi game molecules act as surfactants. Be- 
K i -J J V, . J,i,e arc us^d tor .urgwal '.cruhs jnd an skm 
:^ .1. in.,M()n will be made, These compounds take 
'..1 ./w.Kwcs to jci and do not sterilise the skin. Beta- 
. . ) K^hi, ifions of ? to destroys fungi, amoe- 
. lid \ , I uses. <,s well as most bacteria, but it does not 
1. (.ndospoRs ( ontammation of Betadine 

' ' ■en reported. 
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:uhol. ft 



. Ak 



^U! does 



wects\buit:'r-, 

^niw sKin because it e%apor:,tes qaiBkff 
•uwl ^Mth microbes for only a kw-mcmdsm 
>'! penetrate dccpl> enough into pores in the 
> crourganisms on the skin surface 

>t kill endospores. resistant cells, or cells deen 
m skm }>ores. Ten to 15 minutes immersion in 70% ethvl 
alcohol IS usually sufficient to disinfect a thermometer. " 

Phenols 

Phenol and phe: 
ecll mcmbi II1.S 
/vmcs. I Hlv. i.t. 
diSLaidfd culiure 



I den 



Plu, 



u disinlcLt s 



olics disrupt 
i. and inactivate en- 
irl'accs and to destroy 
uii IS iioi impaired bv 
\ ^ ' ^ ' ' '■^''pii'" ^"iii-i >.i,n,ii.s imvlphenol 

Jesuuvs ve^ctiin. icims (,| b taciia uid fungi and in- 
te ivii.s viaisLs. It ean b<_ used on skin, medical instru- 
ments. d.s.Ks md lurnituie \V hen used on surfaces, it 
letains Its antimieiobial aetion foi several da\s The or- 
thuphcnylphenol in Lvsol gives it similar piopert.es A 
mixture ot phenol deuvaiives ealled ucsu/s ,s found in 
t.eosote. a substance used to prevent the lotting of 
mioden posts fences la.lroad lies and sueh Howcvei. 
ecause eieosote IS iiutating to skin and is a carcinogen 
ns use IS hmited. Ihe additicm of halogens lo phenolic 
molecules usuallv increases their clfectiveness. Hexa- 
eiiioropliene ami diehloiophene. which are halogenaled 
phenols ml ihn s, iphvlocoec, and lung,, respectively, on 
the skill .ind else^^he,e ( hloihexidine gluconate (Hibi- 
^leiisj, which is ehlorinatcd and similar m structure to hova- 
cMorophcnc. is ctTcctive against a wide vnriGty or microbes 
even in the presence of organic material. It is a socxJ anent 
for surgical scrubs. 



' ^^'iii^thiits used in the form of gaseous 

.•1 .aK,„ n< luiihiMie- soil that will be used m the 
ait.o' )t Deudin^ ilmis It is also used in some 
^ > I ' ''•'s IV. .1--. >i loes not give off 

nioram.ne. a eombination of chlorine and ammo- 
^ less efteetive than other chlorine compounds at 
i mieiobes but supeiior at elimratinij taste and 
und cleansing, root canal 
water treatment proce- 
! will kill fish in aquaria 
al products are available 



He. 

Hexa 



odor pioblems It is used 



in V 



therapy, and 
dures. But bew; 



idued 
e' Its residue 

ver. commerc 
; fleet. 



( s denatuie piolein. fhev 
>^ '1 embi<ines Fthvl ind 



^PUBLIC HEALTH 
i Hexachforophene 

Hexachlorophene ls an excellent skin disinfectant. In a 3% 
solution, It kills staphylococci and most other Gram-positive 
organisms, and its residue on skin is strongly bacteriostatic. 
Because staphylococcal skin infections can spread easily among 
newborn babies in hospitals, this antiseptic was used 
extensively m the 1 960s for daily bathing of infants. The unfore- 
seen price paid for controlling infections was permanent brain 
damage m infants bathed in it over a period of time. Hexa- 
chlorophene is absorbed through the skin and travels in the 
blood to tne brain. Baby powder containing hexachlorophene 
killed 40 Dab es n France n ,972 Avaiiaole ,n the Jn.tcd States 
today or I, J. - o: =i '-Ader oroprere ,s used routinely, 
though V - j„; , - -eoratut ..n ts o- c^es^ t is 

stiff the most ^ivcT.ve ..ge-r.t for p ev.ntmg the ^pr-.a of ' 
staphylococcal infections. 



TASLE i2.3 



,*«fWtr« Pf Chemical Antimicrobial Agents 



Agent 



Actions 



Uses 



So^ aad detergents Lower surface lension, make microbes 
acccssihie to other agents 
Dissolve lipids, disrupt meiiribranes, 
denstumpjrtrteins, and inactivsuEe • 
enzymes inhigKccaicenjratipris; act as 
wetting agent? in jow cpncentrations 
Lower pH and'denature proteins - 
Raise pH and d 
Denature proteins 



Oxidize cell components in 
organic matter 



Surtactants 



Aads 
Alkalis 
Heaw metals 



Alcohols 
Phenols 



Oxidizing agents 
Alkylating agents 



Dyes 



Denature profifej^s whenwiixed witg water 

Disrupt memBranes, denature proteins, 
and inactivate^:^ymes;,not impafred 
by organic matter - 



Dl^pt strttctok of protdnsand niieleic " 
acids- = " 



May interffefe with- replication ot block " 
cellw^t syjithesisf. ' 



Hand washing, kundering, sanitizing kitchen aiJ ■ 
equipment 

Canonic detergents are used to saniti/c utcn>..> i 
detergents to launder doihcs and ^ic.iii hoi,',^ . 
objects; quaternary ammonium ccjmpouno- .i:^ 
sometimes used as antiseptics on skm 

Found m soaps 

Sihei nitrate is used to pre\ent gonococcal mtcs.u 
mercury compounds lo disuuect skin iind inanm 
objects, copper to inhibit algal growth, a.id seier 
inhibit fungal growth. 

Chlorine is used to kill pathogens in water and to 
disinfect utensils; iodine compounds are used as 
antiseptics. 

Isopropyl alcohol is used to diMntect skin; ethvienc 
and propylene glytol laii be used m aerosols. 

Phenol is used to disinfect surfaces and destroy dis 
cultures; amylphenol destroys vegetative organi: 
and inacdvates viruses on skin and inanimate ot 
chJorjiexidine gluconate is especially effective a; 
surgical scrub. 

Hydrogen peroxide is used to cleanpuncture wour 
potassium permanganate to disinfect instrumeni 

Formaldehyde is used to inactivate viruses withoul 
destroying antigenic properties, glutaraldehyde 
sterilize equipment, betapropiolactone to destro 
hepatitis viruses, and ethylene oxide to sterilize 
inanimate objects that would be harmed by high 
temperatures. 

Acridiii^ IS used tociean wounds, crystal violet to 
treat sOBife proto^g andfungal infections. 



Checklist 

How docs a surfactant act? 

2. if bacteria can grow in soap, why do we use It to clean 

things'' 

3. Explain the antimicrobial actions of acridine, 
mercuroclirome, and LysoU. 

4. What are the drawbackiotusj^ethyfenfeojddcC^ '-. " 



i 



PHYSICAL ANTIMICROBIAL 
AGENTS 



PUBLIC HEALTH 
Is Cleanliness Really AH That Great? 

, As pan of a class investigative project, a student found that 
vi/hiie she did not use the disinfectant Trichlosani it was pres- 
ent in her skin. She lived with someone who did use Trichfosan. 
Join us on the web site for this chapter to examine the debates 

about the use of Trichbsan. Do you want it wi your cutting board? 



— J For centuries, physical antimicrobial agen 
been u.scd to preserve food. Ancient Egyptians dr 
ishable foods to preserve them. Scandinavians mac 
in the centers of pieces of dry, flat, crisp bread in ( 
hang them in the air of their homes during the 
likewise they kept seed grains in a dry place. Otl 
both flour and grains would have molded during t 
and very moist winters. Europeans used heat in th 
canning process 50 years before Pasteur's work e.x 
why heating prevented food from spoiling. Todav 
cal agents that destroy microorganisms are itill 
food preservation and preparation. Such agents n 
crucial weapon in the prevention of infectious 
Physical antimicrobial agents include various f( 
heat, refrigeration. JeMccalion (drying), irradiati. 
filtration. 



Physical Antimicrobial Agents 




'.guiii i2.13 Preservation by drying. Sur, cjrymg ,s an 

-,' ij-eventing the growth of microorganisms. These 
g-3pes will remain edible as raisins because microbes need more 
, •'• "lan remains inside the dried fruit. fLink/Visua/s Un/tm/ted) 



!os palatable it also allows hacicria lu nuiliipiv while 
IiiikJ is thawed, making the food more susceptible lo bae- 
itPtl degradation. 

I iee/int> can be used lo preserve microorganisms, 
bill this requires a much lower lemperaturc lhan that 
u«.ed lor tood preservation. Microoriiaiiisms are usualK 
suspended m i;l>ceroi or protein lo prevent the lorma- 
iaii of large ice crystals (which could puncture cells), 
wiuilcd with solid carbon dicxide (dry ice) to a tempera- 
larc of -78'C, and then held there. Alternatively, ihey 
ijn be placed in liquid nitrogen and cooled to ~ 180 C. 

Drying 

Drsiim can be used to preserve (ooda because the alisencc 
\)\ A.iier mhibiLs the action of enzymes. Many foods. 



includinii peas, bean.s, raisins, and oihei iiuus. ,,ie oikn 
preserved by dning (Figure 12.13). Yeasi ,ised m bakinu 
also can be preserved bv drvinp. F-iidospoies .nvseni on 
such fiK>dscan survive dtvinu. but !ne\ do imt pioiiucc t> v 
ins. Dried peppcioni sausage .ukI smoked lish .-etam en- 
ough moisiurc for micioui danisms U) izrow. Because 
smoked lish is not cooked, ^aimg ii poses a risk ot ailec- 
tion. Sealing such lish m plastic b.i'js creates conditions !h..i 
allow anaerobes such .is ( luMndmm hoiuhiatni to grow 

Drviim also naluralh minimi/cs the spread ol m 
I'ectious asicnls Some b.ielena, sucii .ts I n paiu'iiui p,t!l, 
iliiin. which causes ssphilis. are extremels sensitive lo 
drying ,ind die almost immediateh on a di\ surface: shus 
they can be prevented trom spre.idinu bv keeping toilet 
seats and other bathroom liMures drv Divim; ol laundiv 
in drvers oi in (he sunshine .ilso destiovs patlioaens. 

Freeze-Drying 

Freeze -ilrving. or Ivophili/.ation (h-ul'i-H-Ai'sliun). is the 
drying ol a material from the Iro/en sialc (Figure 12.14). 
1 his process is used in the manutaclure ol some brands of 
instant coftee; Ireeze-dried instant collee has a more nat- 
ural flavor lhan other kinds. Vlicrobiolouisis use Ko(ihili- 
/ation tor long-ierm |M-eservaiion r.iiher lhan lor 
destruction ol culiures ol microorganisms. Organisms in 
vials .lie r,i|iidl\ Iro/en m .ilcohol and dry ice or in liquid 
iiitrouen. are then sub)ecied lo a high vacuum lo remove 
all the w.itei while in I he lio/en slate, and finally are 
sealed under a vacuum. Rapid lieezmg allows oiilv verv 
liny ice crvstals to lorm m cells, st) the organisms survive 
this [irocess. Organisms so treated can be kept alive lor 
years, stored under vacuum in the freeze-dried state. 

RADIATION 

Kour general types ol i.tdiaiion ulliaviolel light lom/mg 
radiation, microwave radiation, and stiong visible light 
(under certain circumstances) — can be used to control 



12.14 Freeze-drying 
in) equipment. 

rij 'ay dryer, in which the t/ i , 
» "13' I edea to remove moistL.'-i. 

Kt'' Jlyophilization {about 24 
11 icvu jutorraticaliy stoppers ii-i,- 
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micRxirganisms and to preserve fcxxJs. Refer to the olec- 
iromagncfic spectrum (-^Figure 3.4) to review their re- 
lative wavelengths and positions along the spectrum. 

Ultravioiet Ught 

Ultraviolet (UV) light consists of light of waveienj.nhs 
between 40 and 3W nm. but wavelengths in the 2tX)-imi 
range are most effective in killing microorganisms by dam- 
aging DNA and proteins. Ultraviolet light is absorbed 
by the purine and pyrimidine bases of nucleic acids. 
Such absorption can permanently destroy these im- 
portant molecules. Ultravii)let light is especially effec- 
tive in inactivating viruses. However, it kills far fewer 
bacteria than one might expect because of DNA repair 
mechanisms. Once DNA is repaired, new molecules of 
RNA and protein can be synthesized to replace the dam- 
aged molecules {-^^hapter 7. p. 201). Lying in soil and 
exposed to sunlight for decades, endospores are resistant 
lo UV damage because of a small protein that binds to 
their DNA. ITiis changes the geometry of the DNA by un- 
twisting it slightly, thereby making it resistant to the effects 
of UV irradiation. 

Ultraviolet light is of limited use because it does not 
penetrate gla-ss, cloth, paper, or most other materials, and 
it dws not go around corners or under lab benches. It 
does penetrate air. effectively reducing the number of air- 
borne microorganisms and killing them on surfaces in op- 
erating mt)ms and r<K)ms that will contain caged animals 
(Figure 12.15). Ultraviolet lights lose effectiveness over 
time and should be monitored often. To help sanitize the 
air without irradiating humans. UV lights can be turned 
on when the rooms are not in use. Exposure lo UV light 
can cause burns, as anyone who has had a sunburn knows, 
and can al.so damage the eyes: years of skin exposure can 




-A 




lead to skin cancer Han>yn>4 laimdrs uuldoui 
suiin\ dass takes aduintagc of the TV Imhl 
sunhghi Allhouuh the 
small, these 



e quaniit) ul I '\' i 
> help kill'bactcria ( 



in N 



In sDinc Loniniuiiities r\ light is icplacir.s; c 
in sevxagc treainicnt. When chlunne-ttcalcd ^cw 
lluent is dischaiued into slrc.ims or other lUiO.c- 
ter. carcinogenic compounds form and ma\ c,ii 
food .hain. The cost of icmmiiig chlunnc 'hcf.. 
chargini; ticatcd clllucnt tould add more than 
year to the sewage bills ot the asciage American 
and \er> tew sewage plants do this. Runnuiij the ^ 
effluent under L V light bctoie dischaimnu it can . 
microoriianisins without c.itciiiv the odor. jill. . i 
cal composition of the water and without formii 
ci noge n le co n i pou iids. 



ionizing Radiation 

.X rays, which ha\ I. w.i^Jui 
rays, which ha\e . \ . ii •-hi ]| i 
izing radiation, so naiiicLl because 
from atoms. cre.iiinL' n.r.s t! wii^c 
oi nonumizin\> nhliiiiinii ) lh. se 
forms of ladiation Ms,, k.ll ni.uo- 
organi.sms and vnuses \I.,n\ bac- 
teria are killed b\ absorbm'; n ^ to 
0.4 millirads oi iadi,iiioii, polio- 
viruses are inacli\aled bv absorb- 
ing 3,8 millirads. A rad is a tinil of 
radiation energy absorbed jx-r 
gram of tissue: a niillnad is one-lli 
mans usually do not become ill Im 
are subjected to doses un 
loni/inu radiation t 



It 0.1 lo40nm.andB 
elengths, are forms 
c It can diskKige elc 
'ci wu\ elengths are 

Irradiation is i 
by hospitals to 
' sterilize food t 

patients. 



thousandth of a r.n. 
loin ladialion unlcs 
Of) I ads. 

1),\A and piodu. 



o.xides, svhich act as powcrlul o\itli/iru' a»cnis 
I his radiation can also kill oi cause iiiulaiious u, - 
cells if It reaches them. It is used to sterili/c plasi.i. , , 
tory and medical equipment and phamiacciii.i. il 
nets. It can be used to pi event spoiiaue m seato.) 
doses of \m lo 2.50 kilorads, in 
meals and pt)uliry by doses of .SO 
lo MKi kilor.ids. and in liuiis b\ 
doses ot Im to "(K) kiloiads \ \ )ne 
KiK)i.id equals s.iMK) lads ) Mam 
consunieis ,n the I i.itcd States 
reject irr.idiated toods toi icai ot 
receivint' ladiasion, but sikh 
t<K)ds aie quite sate- tree ol 
both paihoiicns and ladiation In 



The bacterium, 
D 'litococcus n 



i>!I^n .11 



nd ( 



I llH 



luted to aJiie\e 
Microwave Radiation 



nliiv 



Mill LLiiiiiiia. ,\ lay. and I V s.idi 
ition. talis at the lonn-wavelenKth 



thor i>^ould kill, 
human It <s hei 
studied as a cai 
data for usa in 
bioremediatiort 
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laboratories. HEPA filters also capture organisms re- 
leased in rooms occupied by patients with tuberculosis or 
in laboratories where especially dangerous microbes are 
studied, such as the maximum containment units shown in 
^Figure 15.14. These filters remove almost all organisms 
larger than 0.3 fim in diameter. Used filters are soaked in 
formalin before they are disposed of. Most rooms for pa- 
tients with tuberculosis have an outer "hallway" outside 
the main door to the room. Negative air pressure inside 
the room should cause air from outside the room to be 
sucked into it whenever the door is opened. However, 
tests have shown that some air still does escape from the 
room; hence the need for the little conlaiiraient "hallway" 
outside. Just remember to always put on your mask before 
you enter the little "hallway," as it will have some TB 
germs in it! 

OSMOTIC PRESSURE 

High concentrations of salt, sugar, or other substances 
CTeate a hyperosmotic medium, which draws water from 



microorganisms by osmosis (-^Chapter 4, p. 108). Plasmo- 
lysis (plaz-mol'i-sis), or loss of water, severely interferes 
with cell function and eventually leads to cell death. The 
use of sugar in jellies, jams, and syrups or salt solutions in 
curing meat and making pickles plasmolyzes most organ- 
isms present and prevents growth of new organisms. A few 
halophilic organisms, however, thrive in these conditions 
and cause spoilage, especially of pickles, and some fungi 
can live on the surface of jams. 

Properties of physical antimicrobial agents are sum- 
marized in Table 12.5. 

^^HECKUST 

1 . Filtering water through paper does not sterilize the water. 
How, then, can membrane filters sterilize water? 

2. Can a home microwave oven be used to sterilize items? 
Why or why not? 

3. Are ice cubes safe sources of water in areas with poor 
water supplies? 

4. Are pasteurized products sterilized? 



Dry heat 
Moist heat 

Pasteurization 
Refrigeration 

Freezing 

Drying 

Freeze-drying 
Ultraviolet light 
Ionizing radiation 
Microwave radiation 

Strong visible light 

Sonic and ultrasonic 

waves 
Filtration membranes 

Osmotic pressure 



Denatures proteins 
Denatures proteins 

Denatures proteins 

Slows the rate of enzyme- 
controlled reactions 

Greatly slows the rate of most 
enzyme-controlled reactions 

Inhibits enzymes 

Dehydration inhibits enzymes 
Denatures proteins and nucleic acids 
Denatures proteins and nucleic acids 

Absorbs water molecules, then 
releases microwave energy to 
surroundings as heat 

Oxidation of light-sensitive 
materials 

Cause cavitation 



Mechanically 

microbes 
Removes water from microbes 



Oven heat used to sterilize glassware and metal objects; open 

flame used to incinerate microorganisms. 
Autoclaving sterilizes media, bandages, and many kinds of 

hospital and laboratory equipment not damaged by heat and 

moisture; pressure cooking sterilizes canned foods. 
Kills pathogens in milk, dairy products, and beer. 
Used to keep fresh foods for a few days; does not kill most 

microorganisms. 
Used to keep fresh foods for several months; does not kill 

microorganisms; used with glycerol to preserve microorganisms. 
Used to preserve some fruits and vegetables; sometimes used 

with smoke to preserve sausages and fish. 
Used to manufacture some instant coffees; used to preserve 

microorganisms for years. 
Used to reduce the number of microorganisms in air in operating 

rooms, animal rooms, and where cultures are transferred. 
Used to sterilize plastics and pharmaceutical products and to 

preserve foods. 

Cannot be used reliably to destroy microbes except in special 
media-sterilizing equipment. 

Can be used with dyes to desu-oy bacteria and viruses; may 

help sanitize clothing. 
Not a practical means of killing microorganisms but useful in 

fractionating and studying cell components. 
Used to sterilize media, pharmaceutical products, and vitamins, m 

manufacturing vaccines, and in sampling microbes in air and watt 
Used to prevent spoilage of foods such as pickles and iellies. 



